Primary aldosteronism is one of the leading causes of secondary hypertension. It may be responsible for as many as 5-13% of all cases of arterial hypertension and B20% cases of treatment-resistant hypertension. 1 Although mineralocorticoid receptor antagonists, such as spironolactone and eplerenone, are considered an alternative to adrenalectomy for patients with contraindications to surgery, for patients who decline surgery and for patients with bilateral adrenal hyperplasia, conflicting evidence exists on whether these agents are as effective as surgical treatment. 1 In our study, we compared the effects of adrenalectomy and pharmacological treatment with mineralocorticoid receptor antagonists on monocyte and lymphocyte cytokine release in patients with aldosteronoma. Of the many monocyte-and lymphocyte-derived factors, we elected to measure the levels of tumor necrosis factor-a (TNF-a), interleukin-1b, interleukin-6, interferon-g and interleukin-2. These cytokines produce a multi-directional proatherogenic effect, [2] [3] [4] [5] and our team has long-term experience with their assessment. 6, 7 This study was approved by a local ethical committee.
Our study included four female patients (24-38 years old) who had aldosteroneproducing adrenocortical adenomas and were admitted to our department because of grade 3 arterial hypertension resistant to standard hypotensive agents. These subjects had not been treated previously with mineralocorticoid receptor antagonists or other agents that may markedly affect the aldosterone -to-renin ratio, and other antihypertensive drugs (with the exception of verapamil and prazosin) had been discontinued at least 2 weeks before hospitalization. In all four patients, supine plasma renin activity was suppressed, whereas supine plasma aldosterone levels were elevated, which resulted in elevated aldosterone/renin ratios ( Table 1 ). The plasma renin activity and the plasma aldosterone levels remained at the same levels or increased only slightly after standing for 4 hours. Provocative tests, including the saline infusion test (2 l during 4 hours) and the fludrocortisone suppression test, revealed unsuppressed plasma aldosterone levels (Table 1) . In each patient, a computed tomography scan of the abdomen revealed a well-circumscribed, non-enhancing N.E. Minneapolis, MN, USA) according to the manufacturer's instructions.
Compared with patients with poorly controlled essential hypertension, patients with primary aldosteronism showed increased monocyte release of TNF-a (4010±831 vs. 1760 ± 305 ng l À1 ; healthy subjects: 720 ± 155 ng l À1 ), interleukin-1b (465 ± 13 vs. 183±14 ng l À1 ; healthy subjects: 68± 8 ng l À1 ) and interleukin-6 (31.5±5.1 vs. 12.3 ± 2.0 mg l À1 ; healthy subjects: 6.5 ± 1.2 mg l À1 ) and increased lymphocyte release of TNF-a (805±58 vs. 326±22 ng l À1 ; healthy subjects: 182 ± 19 ng l À1 ), interferong (204 ± 24 vs. 110 ± 14 mg l À1 ; healthy subjects: 37±5 mg l À1 ) and interleukin-2 (12.9 ± 3.0 vs. 6.5 ± 1.2 mg l À1 ; healthy subjects: 3.1 ± 0.6 mg l À1 ). Monocyte and lymphocyte cytokine release was higher in patients with essential hypertension than in subjects with normal blood pressure. Baseline monocyte and lymphocyte cytokine release showed a weak correlation with systolic and diastolic blood pressures (r values between 0.40 and 0.49, Po0.01) and with plasma aldosterone levels (r values between 0.42 and 0.53, Po0.01) but did not depend on the type of antihypertensive medication the patients were taking. Adrenalectomy and mineralocorticoid receptor antagonists resulted in a decrease in monocyte and lymphocyte cytokine release in all patients studied (Figure 1 ). In the two subjects who underwent adrenalectomy, post-surgery cytokine release did not differ compared with that in apparently healthy subjects. In the remaining two patents, who continued pharmacological treatment with spironolactone and eplerenone, only a partial reduction in monocyte and lymphocyte cytokine release was observed, and at the end of observation period, the cytokine release in these subjects exceeded that observed in the apparently healthy subjects.
To the best of our knowledge, this study is the first to show that the pattern of abnormalities in monocyte and lymphocyte cytokine secretion differs between patients with primary aldosteronism and matched subjects with essential hypertension. Significant differences between these groups with respect to cytokine release are in part a consequence of differences in plasma aldosterone levels. In patients with aldosteronoma, the hypertension-induced increase in cytokine secretion is probably potentiated by the additive effect of excess aldosterone. Taking into account that the high levels of the cytokines that were measured in our patients are associated with increased short-term and longterm cardiovascular risk [2] [3] [4] [5] and the pivotal role of monocytes and lymphocytes in atherogenesis, 4,5 the enhanced secretory function of these cells may make subjects with aldosteronoma more prone to the earlier development and faster progression of atherosclerosis compared with essential hypertensive patients. Both pharmacological and surgical treatments reduced cytokine release, but only the latter treatment option decreased cytokine release to the level observed in apparently healthy subjects. Although mineralocorticoid receptor antagonists produced multi-directional anti-inflammatory effects, their monocyte-and lymphocyte-suppressive effects did not increase with time, and cytokine release was higher than in control subjects during the entire observation period. These findings are in disagreement with those of other authors [8] [9] [10] who observed similar cardiovascular and nephroprotective benefits after adrenalectomy and spironolactone treatment. However, their study populations included both patients with aldosteronoma (most of whom underwent adrenalectomy) and patients with bilateral adrenal hyperplasia (treated with spironolactone), and this fact may explain the differences between our results and their results. In our opinion, patients with aldosteronoma experience more benefits when treated with surgery, even if mineralocorticoid receptor antagonists effectively reduce blood pressure.
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